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Japanese Patent Application No. 59-220705 

Japanese Patent Application No. 59-100356 

Optical guide structure with diffraction grating 
3 Detailed description of the invention (Partial). 

The advantage of the present invention is clear. With the help of 
existence of a diffraction grating, the wave vector of incident light beam, i.e. 
the vector that defines the wave propagation, is converted into the wave 
vectors which are adapted to the directions of emissive waveguides, and, as the 
result, the energy transfer is optimized. It is a phenomenon that did not 
appear in the prior art. For such a reason, in the present invention, the loss 
by diffraction can be reduced at the positions D and E. 

Concerning the mode transformation phenomenon, the following fact 
can be observed' Since the number of "lines (traits)" of a diffraction grating 
used is small, the wavelength resolution is low. Actually, as described before, 
the spaces between lines of the grating are an order of micrometers, and the 
widths of waveguidee are in a range of 8-10jLim. Thus, the number of lines of 
the grating is less than about ten. When the resolution is low for such a 
reason, the energy in high order modes, which is obtained as the result of the 
above described transformation phenomenon, will be diffracted to the 
directions of two waveguides 21 and 22 with a very small phase differences 
from the basic mode, therefore the loss by the mode transformation becomes 
smaller than in the prior art. 
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Furthermore, the shape of grating may be modified for improving the 
energy distribution. For example, various different lengths may be given at 
various zones of the grating, such that the length may be made shorter at e.g. 
the edge portion of waveguide and longer at the central portion, and so forth. 

Moreover, the opening angle 26 may be increased (e.g. to several ten 
degrees), so that, as the result, occurrence of mutual coupling phenomenon 
between emissive waveguides can be substantially reduced, thereby the above 
described drawback can be effectively avoided. 
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4. Brief description of the drawings 

Fig. 1 is an explanatory view showing a Y-junction of a prior art; Fig. 2 
is an explanatory view showing a specific example of the guide structure 
according to the present invention; Fig. 3 is a graph showing the energy 
distribution in the modes of zero-order and first-order; Fig. 4 is a sectional 
view of the guide structure using a refractive index grating; Fig. 5 is a 
sectional view of the guide structure using a waveform grating; Fig. 6 is an 
explanatory view showing a modification of the guide structure using electro - 
optical modulation; Fig. 7 is an explanatory diagram showing processes of 
manufacturing the motif for forming a diffraction grating, step by step; Fig. 8 
are explanatory views showing (a) a mechanism of diffusion and (b) a profile 
resulted from the diffusion; Fig. 9 are explanatory views showing (a) a 
mechanism of ion exchange and (b) a profile resulted from the ion exchange; 
and Fig. 10 is an explanatory diagram showing processes of manufacturing a 
waveguide with a diffraction grating by means of interference measurement, 
step by step. 
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10, 20 Incident waveguide; 

11, 12, 21, 22, 23 Emissive waveguide; 

24 Diffraction grating; 

13, 25 Junction; 

30, 31 Electrode; 

40 Substrate; 

41 Dopant material; 

42, 45, 51, 54, 66, 70 Photosensitive resin; 

43, 52 Mask; 

54 Ionic solution; 

55 Metallic layer; 

56 Na + ion; 

58 Ag ++ ion; 

50, 60, 64, 72 Guiding layer; and 

67, 68 Coherent radiation. 
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Claims (Amended) 

(1) An optical guide structure comprising: 

an incident mono-mode waveguide having a certain direction; 

two emissive mono-mode waveguides symmetrically deflected from the 
incident waveguide; and a fan-shaped junction for connecting the incident 
waveguide and the emissive waveguides with each other, 

wherein the optical guide structure further comprises a diffraction 
grating disposed between the incident waveguide and the junction, the 
diffraction grating having spaces which define only two diffraction directions of 
order numbers other than zero-order, i.e. of +lst order and -1st order, and 

wherein the spaces are selected so that the two diffraction directions 
coincide with the directions of said two first emissive waveguides. 

(2) The optical guide structure as claimed in Claim 1, further comprising a 
third emissive mono-mode waveguide, disposed between the two first emissive 
waveguides, which has the same direction as the incident waveguide. 

(3) The optical guide structure as claimed in Claim 1, wherein said 
diffraction grating is surrounded by two electrodes to which different electric 
potentials are applied. 

(4) The optical guide structure as claimed in Claim 1, wherein said 
diffraction grating is a refractive index grating. 

(5) The optical guide structure as claimed in Claim 1, wherein said 
diffraction grating is formed by making an up-and-down waveform of thickness 
on an optical guide layer. 



